Duroc boars from a line previously selected over five generations for 200d weight and those from a randomly selected control line were mated to Landrace sows either from a line previously selected for increased 7O-d weight or from a randomly selected pedigree control line. From these matings, 900 pigs were farrowed to examine the effects of crossing lines of pigs mass selected for weight at two ages on growth rate, survival, and carcass composition. A greater (P c .01) percentage of pigs farrowed survived birth from control-line sows (974) than from select-line sows (.914). Of those pigs born alive, a greater (P c .05) percentage of pigs out of control-line sows survived to 21 d (.893) than out of select-line sows (329). Pigs sired by select-line boars weighed 2.1 kg heavier (P < .05) at 70 d than pigs sired by control-line boars. Pigs out of select-line sows weighed .ll kg less (P c .lo) at birth and .3 kg less (P < .lo) at 21 d of age but grew .026 kg/d faster (P c .lo) from 70 d to slaughter, weighed 3.9 kg more at 165 d of age (P c .05), and reached 100 kg 7.0 d sooner (P < .05) than pigs out of control-line sows. Carcasses from barrows sired by select-line boars had .29 cm more (P < .lo) fat at the 10th-rib than carcasses fiom barrows sired by control-line boars. Marbling scores were .31 unit greater (P c .05) and muscle color scores were .25 unit greaFr (P c .lo) for carcasses from pigs out of select-line sows than for carcasses from pigs out of control-line sows. Selection for increased 70-d weight decreased age at 100 kg without increasing fat deposition. However, survival rates up to 100 kg were reduced. Mass selection for 200d weight effectively increased 70-d weight, but fat thickness at 100 kg also increased. Key Words: Selection, Growth, Backfat, lntrod u ct i on Mass selection for growth rate in pigs has been effective even though different selection criteria have been used. Krider et al. (1946) and Craig et al. (1956) found that selection of pigs for increased weight at 180 or 150 d was effective in increasing growth rate. Rahnefeld and Garnett (1976) and Fredeen and Mikami (1986) 
postweaning growth from 42 d to 90 kg also was effective in swine. Kuhlers and Jungst (1990) estimated that selection response for 70-d weight was .65 kglgeneration in Landrace pigs. Selection responses for 200-d weight were 4.2 kdgeneration in Landrace pigs ) and 2.5 kg/ generation in Duroc pigs (Kuhlers and Jungst, 1991) . Mass selection of pigs at different ages during the growth period may submit animals to different types of genetic and maternal influences. Presumably, for pigs selected for growth at an age late in the postweaning period, maternal effects would be less important and direct genetic effects would be more important than if selection for growth occurred early in the postwearing period. Even though the majority of pigs produced in the U.S. are crossbred, purebred breeders dictate the rate of 1409 genetic improvement in the whole industry by the selections they make in their herds. Therefore, selection responses in purebred lines must be transmitted when breeds are crossed because some type of crossbreeding system will be used in commercial herds. The objective of this study was to determine growth rates, survival rates, and carcass composition of crossbred pigs produced by mating Duroc boars previously selected for increased 200-d weight to Landrace sows previously selected for increased 70d weight.
Materlals and Methods
Data were collected on 900 crossbred pigs sired by 24 Duroc boars and out of 78 Landrace sows. The Duroc boars were from lines in the third, fourth, and f i i generations of selection that were either selected for increased 200-d weight or randomly selected within pedigree (Kuhlers and Jungst, 1991) .
The Landrace sows were from a line selected for increased weight at 70 d for three, four, or five generations or from a randomly selected control line (Kuhlers and Jungst, 1990) . Pigs in this study were out of 36 select-line and 42 control-he second-parity sows that were bred to a total of 12 select-line and 12 control-line Duroc boars. The matings of the boars and gilts were randomly determined. The numbers of pigs by sire-line and dam-line cross are presented in Table 1 for each trait.
All sows were brought to a central location and farrowed on concrete with straw or shavings as bedding. Male pigs were castrated at 21 d and all pigs were weaned at 35 d. The pigs remained in an open-fronted nursery until 70 d, at which time they were moved to an open-fronted growing-finishing house with 10 to 12 pigs per pen for the remainder of the test period. Allotment of pigs to the pens was by age. Littermate pigs could be penned together or could be split between two pens if more pigs were available from a litter than were necessary to f i l l a pen. The final postweaning weight was recorded when the litters of pigs were between 176 and 183 d of age in the third generation and between 161 and 168 d of age in the fourth and fifth generations.
A commercially prepared diet was fed to the pigs throughout the study. One diet, formulated to contain 18% protein, was fed until the pigs weighed 20 kg. From 20 to 40 kg BW, pigs were fed a diet with 16% protein. Thereafter a diet containing 14% protein was fed to all pigs. Other nutrient levels met or exceeded NRC (1979) requirements for pigs between 20 and 100 kg. The pigs were allowed ad libitum access to feed during the test period.
At birth, live and stillborn pigs were weighed individually and survival information was recorded. Pig weights also were recorded for those pigs alive at 21, 35, and 70 d and at the end of the postweaning test period. In addition, days required to attain 100 kg and average daily gain from 70 d to the end of the test period were calculated. Backfat thickness was measured with an ultrasound machine at the last rib approximately 5 cm off the midline on the pigs that completed the postweaning test period. Correction factors used to adjust pig weights at 21 d were reported by Whatley and Quaife (1937) . Age and ultrasound fat thickness at 100 kg were adjusted using procedures outlined by NSIF (1981 When the pigs were weaned at approximately 35 d, one or two barrows were selected randomly from each litter; these pigs were designated for slaughter at 100 kg for carcass evaluation. These barrows were slaughtered at the Auburn University Meat Science Laboratory following conventional slaughter proce dures. The carcasses were chilled at 2'C for 24 h, at which time carcass length, average backfat thickness (first rib, last rib, and last lumbar vertebrae measured along the vertebral column), backfat thickness at the loth rib (measured 3/4 of the distance of the longissimus muscle from the vertebral column), longissimus muscle area between the loth and 11th rib, and specific gravity of the carcass were measured. In addition, a subjective color and marbling score for the longissimus muscle where G, S, M, D, F, X, and E are generation, sire line, boars, dam line, sows, sex, and residual, respectively. preliminary analyses indicated that the generation x sire line interaction, generation x sire line x dam line interaction, and sex interactions were not important sources of variation (P > .25) for these traits; therefore they were excluded from the final model.
Analyses of the carcass data were completed with the following statistical model
w h e r e G , S , M , D , F , b , W , a n d E a r e t h e effects of generation, sire line, boars, dam line, sows, regression coefficient of the trait on hot carcass weight, hot carcass weight, and residual, respectively. In the analysis of muscle percentage, the linear covariate for hot carcass weight was excluded from the model because the equation used adjusted lean to a constant hot carcass weight and the covariate was omitted in the analysis of hot carcass weight. Preliminary analyses indicated that the interaction effects involving generation and the sire line x dam line interaction effects were not important sources of variation (P > .25). All final analyses were completed with least squares procedures using LSMLMW (Harvey, 1987) . In each analysis, boars and sows were considered random effects. The mean square for boars within generation and sire line was the error term used to test generation, sire line, and the generation x sire line interaction effects. The error term for dam line, generation x dam line interaction, and sire line x dam line interaction was the mean square associated with sows. Sex effects and the linear covariate for hot carcass weight were tested by the residual mean square.
Results and Discussion
In this study, 900 pigs were farrowed during the three generations; 653 pigs completed the postweaning test period (Table 1) . A sample of 115 barrows from the four sub- Table 1 differ because the weights of some pigs were determined to be outliers. These weights were deleted but their swival data were retained. For birth, 21-and 35-d weights, sire line had no effect on growth of the pigs (P > .lo) ( Table 2 ). However, pigs out of select-line sows weighed .ll kg less at birth (P < .lo) and .3 kg less at 21 d (P < .lo) than did pigs out of control-line sows (Table 3) . At 35 d, differences in pig weight were not significant among the dam lines. The heavier birth weight of pigs from control-line sows (Table 3) was due, in part, to fewer pigs farrowed in litters from this line. Average number of pigs born was 10.9 in litters out of control-line sows and 12.3 in litters out of select-line sows. Omtvedt et al. (1965 Omtvedt et al. ( , 1966 , Fahmy and Bernard (1972) , and Bereskin et al. (1973) Boar pigs were .03 kg heavier at birth than gilt pigs (P < .lo) (Table 3) , but sex differences were not significant for 21-and 35-d pig weight (Table 2) .
The only significant sire-line effect for growth was at the 70-d weigh period (Table 2) . Select linesired pigs were 2.1 kg heavier than pigs sired by control boars (Table 4 ). The postweaning growth period was a time of rapid growth for pigs out of select-line sows compared with pigs out of control-line sows. At 70 d, pigs out of select-line sows were not significantly heavier than pigs out of controlline sows (Table 2 ). However, pigs out of select-line sows grew .026 kg/d faster from 70 d to slaughter (P < .lo) and therefore reached 100 kg 7 d sooner than pigs out of control-line sows (P < .05) ( Table 4 ).
The increased weight at 70 d in pigs sired by select-line boars and the increased postweaning growth in pigs out of select-line sows compared to the control-line pigs agrees with the results observed by Krider et al. (1946) , Craig et al. (1956) , and Rahnefeld and Gamett (1976) . D i r e c t selection for increased 70-d weight would be expected to influence preweaning traits. However, in the purebred Landrace line, the selection response for increased 70-d weight was .65 Wgeneration, but the correlated response in 35-d weight was only .04 kdgeneration (Kuhlers and Jungst, 1990) . Thus, maternal effects may have slaughter, and UBF = ultrasound backfat thickness at 100 kg.
*P < .os. **P < .01. genetic effects, and differences between the select and control sow lines would provide an estimate of the direct genetic effects plus maternal effects (Dickerson, 1969) . For 165-d weight and age at 100 kg, differences were similar between the select and control sire lines and dam lines. The lack of significant differences between the select and control sire lines for 165d weight, age at 100 kg, and postweaning average daily gain may be due to increased variation among sires nested within generations and lines. When the mean square associated with dams nested within dam line, sire, sue line, and generation was used to test for differences between sires nested within sire line and generation, sire differences were large and important sources of variation for 165-d weight (P < .05), for age at 100 kg (P e .05), and for postweaning average daily gain (P < .lo), but not for 70-d weight.
Even with the increased growth realized in this study, backfat thickness measured at the last rib with an ultrasound machine and adjusted to 100 kg did not differ among the select-and control-line offspring (Table 2) . Although these results are encouraging, they are contrary to published results from other selection experiments for growth. Selection for growth in mice resulted in the faster-growing animals being fatter than the slower-growing animals when fat was measured at any age later than the age at which selection occurred (Roberts, 1979) . Perhaps there were no significant differences in ultrasound backfat thickness between the select and control sire lines because selection for growth occurred at 200 d, which was 27 d greater than the average age of the pigs in this study when they reached 100 kg. Based on the conclusions of Roberts (1979) . selection for increased 7 0 4 weight should have increased backfat thickness in the pigs out of select-line sows because backfat thickness was measured at approximately 165 or 180 d of age. Because backfat thickness did not differ between the select and control lines, a species difference might exist between fat deposition and selection age. Sex effects were s i e c a n t for 70-d weight, 1654 weight, age at 100 kg, postweaning average daily gain, and ultrasound backfat thickness at the last rib (Table 2 ). Gilts were .5 kg heavier than barrows at 70 d (P < .lo); however, barrows were 7.5 kg heavier at 165 d, reached 100 kg 11.5 d sooner, and grew .084 kg/d faster from 70 d to slaughter than gilts (P e .01; Table 4 ). Barrows had .15 cm more fat measured ultrasonically at the last rib than did gilts (P < .01) (J'able 4).
The generation x dam-line interaction was significant for age at 100 kg, postweaning average daily gain, and ultrasound fat thickness at the last rib. This interaction involved a change in the rank of the sow lines; pigs out of select-line sows grew .04 kgfd faster and required 8.9 fewer days to reach market weight in the third generation and grew .08 kg/d faster and required 15.9 fewer days to 100 kg in the fourth generation, compared with pigs out of control-line sows. However, in the fifth generation, pigs out of control-line sows grew .037 kg/d faster and required 3.9 fewer days to reach 100 kg than pigs out of select-line sows. Pigs out of select-line sows were .07 cm leaner in the third generation and .10 cm leaner in the fourth generation than control-line pigs. However, pigs out of select-line sows were .02 cm fatter than pigs out of control-line sows in the fifth generation.
Survival rates did not differ significantly at any age between the select and control sire lines (Table 5) . However, pigs out of sows from the select line had lower survival rates at birth (P < .01). from birth to 21 d of those pigs born alive (P < .05), and from birth to 165 d (P < .lo) compared with pigs out of sows from the control line (Table 6 ). Although selection for increased 7 0 d weight in Landrace pigs was effective in increasing growth rate of the crossbred pigs, it was detrimental to survival of the pigs. Although inbreeding is detrimental to survival rate, the level of inbreeding did not differ between our select and control dam Jungst, personal communication), and linerelated differences in milking ability also could explain these reduced survival rates of pigs from the select line. Decreased survival rates of animals from lines selected for growth have not been observed in most studies (White et al., 1968; LaSalle and White, 1975) . Gamett and Rahnefeld (1976) noted that preweaning mortality was approximately two times greater in the line of pigs selected for increased average daily gain than in the control line. Jungst and Kuhlers (1987a) reported that survival rates in the purebred Landrace pigs selected for increased 7 0 d weight did not differ between the select and control lines.
The generation x dam-line interaction effect was an important source of variation for survival rate at birth (P < .05; Table 5 ).
Survival rates of pigs out of select-line sows in the third generation averaged .%3, and pig survival rates averaged .946 from control-line sows. In the fourth generation, the survival rates of pigs out of select-line sows averaged 361, and from the control-line sows the (Table 5) . Differences in preweaning survival of male and female pigs have been reported previously by Bereskin et al. (1973) and Kuhlers et al. (1989) . Carcasses from pigs sired by boars from the select line were .29 cm fatter at the 10th rib (P < .lo) than carcasses from pigs sired by control-line boars (Table 7 and 8). However, carcasses from the two lines did not differ in specific gravity (Table 9) , which is an indicator of overall carcass leanness (Cordray et al., 1978) . Also, when fat thickness was measured at three locations along the vertebral column and averaged, there was no significant difference among the two sire lines (Table 7) . Jungst and Kuhlers (1987b) (Table 7) . Except for subjective color and marbling scores, selection for increased 70-d weight in the purebred Landrace line did not result in significant correlated responses in carcass traits in the crossbred barrows. Carcasses from pigs out of sows from the selectline had darker (P < .lo) muscle color at the loth rib and more (P < .05) intramuscular fat than did carcasses from pigs out of control-line sows (Table 9) .
Sire-line x dam-line interaction effects were not significant for any carcass traits with the exception of carcass length (P < .Ol). Carcass length least squares means were 82.1, 83.0, 82.5, and 82.2 cm for the select x select, select x control, control x select, and control x control barrow carcasses, respectively. Sampling effects may be the explanation for the interaction between sire line and dam line for this trait.
Although barrow and gilt pigs out of selectline Landrace sows grew .026 kgld faster from 70 to 165 d, were 3.9 Irg heavier at 165 d, and required 7.0 fewer days to reach 100 kg than did pigs out of control-line sows, lean growth/ day of age in the carcass barrows did not differ significantly between the two lines. Lean g r o w d a y of age would be expected to be greater in barrows out of select-line sows than in those out of control-line sows because Tables 10 and 11 , respectively. The sample of 115 carcass barrows did not differ in their 7O-d weight, 165-d weight, average daily gain, or age at 100 kg (P > .lo). Hot carcass weight was 2.3 kg greater (P < .lo) for pigs out of select-line sows than for pigs out of control-line sows (Table 11) . Because only a portion of the barrows evaluated for growth were slaughtered for carcass evaluation, the animals slaughtered, by chance, may not have been representative of the select and control lines.
Differences in carcass composition in this study do not agree with results reported by Jungst and Kuhlers (1987b) for the Duroc line, which was selected for 200d weight. Jungst and Kuhlers (1987b) reported that average fat thickness at the midline of the carcass and also at the loth rib in carcasses from barrows was greater for those out of the select line than for those out of the control line. However, results in the present study are in agreement with results reported by Rahnefeld et al. (1983) . In the selection experiment conducted by Rahnefeld et al. (1983) , mass selection for postweaning average daily gain did not result 
